Introduction {#s1}
============

The yearly worldwide burden of hepatobiliary malignancy is estimated to be 782,500 new liver cancer cases and 745,500 liver cancer related deaths, according to the Global Cancer Statistics of 2012.[@b1] More than 80% of cases of hepatocellular carcinoma (HCC) occur in Asia and are linked to the hepatitis B virus (HBV) epidemic.[@b2] Notable differences exist between Asian and Western regions in guidelines on surveillance, diagnosis, and management of hepatobiliary tumors, which reflect differences in the epidemiological and etiological factors underlying the disease as well as socioeconomic factors due to the large disease burden in Asia. The most common adult malignant liver tumors are HCC, metastases to the liver, fibrolamellar HCC, epithelioid hemangioendothelioma (EHE), and angiosarcoma. Benign liver tumors include focal nodular hyperplasia, hepatic adenomas, and hemangiomas. Biliary tract malignancies include cholangiocarcinoma (CCA), both intra- and extrahepatic, gallbladder cancer, and cancer of the ampulla of Vater. Benign biliary neoplasms include biliary cystadenoma, biliary hamartoma, and granular cell tumors. An outline for the different hepatobiliary tumors is shown in [Fig. 1](#f01){ref-type="fig"}. The epidemiology, risk factors, surveillance, diagnostic strategies, and treatment guidelines will be discussed for the most common types of hepatobiliary tumors, with particular emphasis on the newest modalities, clinical trials, and, when applicable, controversies in different international guidelines.

![List of malignant and benign hepatobiliary tumors.](JCTH-3-169-g001){#f01}

HCC {#s2}
===

Introduction {#s2a}
------------

Worldwide, HCC is one of the most common cancers, with more than half a million new cases reported each year, and is considered the third leading cause of cancer related death. It is the fifth most common cause of cancer in men and the seventh in women.[@b3] At least 20,000 new cases are diagnosed in the United States every year.[@b4] Significant heterogeneity exists in the epidemiology of HCC, with the highest incidence found in eastern Asia and Sub-Saharan Africa.[@b5] The incidence rates are generally two to three fold higher in men than in women. While the incidence of HCC has decreased in some Asian regions with traditionally high-incidence, the incidence is rising in North America due to the obesity epidemic and the increased risk for developing nonalcoholic fatty liver disease (NAFLD).[@b6] Overall, 5 year survival from liver cancer diagnosis in the United States was 15% in 2002--2008.[@b7]

Risk factors {#s2b}
------------

HBV infection is the most common risk factor for HCC, with more than 50% of all liver cancers attributed to HBV.[@b8] In North America, however, less than 10% of HCC cases are attributed to HBV, whereas 70% of cases in China and western and central Africa are attributed to HBV.[@b5] Occult HBV infection is also associated with increased risk, since HBV integrates into human deoxyribonucleic acid (DNA). The relative risk of HCC is 100 times greater in HBV carriers compared to noncarriers, and this risk is further increased in those with HBV-associated cirrhosis.[@b9] HBV-related HCC is preventable by vaccination, and antiviral treatment in chronic HBV may decrease the risk for HCC.[@b10] Compared to HBV, hepatitis C virus (HCV)-related HCC almost always occurs in the presence of cirrhosis. The incidence of HCC in HCV associated cirrhosis is 3--5% per year, with a 20--30 fold increase in risk relative to noninfected individuals.[@b7],[@b11] Unlike HBV, HCV does not integrate into the human genome.

Exposure to aflatoxin in southern China and Sub-Saharan Africa is a major risk factor for HCC, and HBV-carriers exposed to aflatoxin are at markedly increased risk for developing HCC.[@b12] Efforts to control exposure to aflatoxin in endemic areas led to an appreciable reduction in liver cancer related mortality. Heavy alcohol use (\>100 g per day), according to one large Korean cohort, also plays a role in the development of HCC.[@b13] However, HCC typically develops in a background of alcoholic cirrhosis.

NAFLD/nonalcoholic steatohepatitis (NASH)-related HCC currently accounts for 10--24% of all HCC in Western countries.[@b5] Both obesity (body mass index \>35 kg/m^2^) and diabetes mellitus are associated with increased risk of HCC.[@b6] Diabetes alone increased the risk of developing NAFLD, which included a spectrum from steatosis and NASH to liver fibrosis, cirrhosis, and ultimately HCC. Interestingly, metformin therapy in diabetic patients was shown to decrease the risk of developing HCC.[@b14] While tobacco smoking was shown to increase the risk of HCC, though inconsistently, heavy coffee consumption was shown to be inversely related to the risk of HCC, compared to light consumption and never drinkers.[@b5]

Other rare causes of HCC are well identified and include primary biliary cirrhosis, autoimmune hepatitis, hemochromatosis, Wilson's disease, alpha-1 antitrypsin deficiency, and glycogen storage diseases amongst others and typically occur in the presence of cirrhosis.

Surveillance: role of ultrasound (US) and biomarkers {#s2c}
----------------------------------------------------

The overall level of evidence in support of the use of surveillance for HCC in high risk patients, including patients with cirrhosis and HBV infection, is modest. Nevertheless, surveillance is endorsed by multiple societies, including the Asian Pacific Association for the Study of the Liver (APASL),[@b15] the European Association for Study of The Liver (EASL),[@b16] and the American Association for the Study of Liver Disease (AASLD).[@b17] The best evidence comes from a large-scale, randomized controlled trial of surveillance of nearly 19,000 patients with HBV in China.[@b18] Patients were randomly assigned to receive either surveillance with US and measurement of serum α-fetoprotein (AFP) every 6 months or no surveillance. Survival of screened patients was 66% and 46% at 1 and 5 years, respectively, whereas it was only 31% and 0% at 1 and 5 years, respectively, in the unscreened group. Similarly, in a 16 year population-based study of Alaska natives with chronic hepatitis B who were screened with biannual AFP measurements, 5 year survival of screened patients was 42% and 0% in unscreened controls.[@b19]

US has a sensitivity of 78--90% and specificity of 93% in detecting HCC.[@b15] In liver cirrhosis with regenerative nodules, however, the sensitivity for detecting early HCC ranged between 32% and 65%.[@b20] Similarly, AFP alone has a sensitivity ranging from 49% to 71% and specificity from 49 to 86% in detecting small HCC. Sensitivity drops to 25% for tumors smaller than 3 cm.[@b21] Nevertheless, a recent prospective study in cirrhotic patients showed that US, AFP, and combined US/AFP had sensitivities of 44%, 66%, and 91%, and specificities of 92%, 91%, and 83%, respectively.[@b20]

The L3 isoform of AFP (AFP-L3) was shown to be more specific to HCC than benign liver disease and has utility to predict HCC at low AFP levels and in the absence of US findings. Similarly, des-γ carboxiprothrombin (DCP), an abnormal prothrombin protein present in the sera of HCC patients, was shown to be specific to HCC and also to be a prognosticator.[@b21] The combination of DCP and AFP resulted in an enhanced sensitivity of 90% in a large multicenter Chinese study of HBV-related HCC.[@b22] AFP-L3 has also been combined with other new candidate proteins such as Golgi protein 73 (GP73) with improved sensitivity (94%). An interesting model by Johnson *et al.* combined age, gender, AFP, AFP-L3, and DCP (GALAD) to estimate the probability of developing HCC in a patient with chronic liver disease. Depending on the tumor stage, sensitivity was 86--94%.[@b23] Other novel and promising biomarkers include glypican-3 (GPC-3), interleukin-6, and osteopontin.[@b21] Whether the studies performed in Asian populations, with a predominance of HBV infections, are applicable to Western populations with higher incidence of NASH-related HCC is debatable.

Another active area of research is the use of noncoding micro-ribonucleic acid (miRNA) in the diagnosis and prognostication of HCC. This methodology has generated much interest due to the stability of the molecule against degradation and the detectability of miRNAs in all types of human samples, such as blood and saliva. High quality analysis allowed for the generation of "microRNAome" for both healthy and diseased liver, including HCC. Subsequent analysis identified multiple candidate miRNAs, such as miR-25, miR-375, and let7f, that were able to identify HCC patients with a sensitivity of 98% and specificity of 99%.[@b24] Further studies also identified miR-21 and miR-122 as potential biomarkers[@b25]. Whether or not these models are applicable to nonHBV related HCC and are translatable to clinical practice remains to be elucidated.

Currently, the AASLD recommends surveillance with US every 6 months only in patients with hepatitis C and expected HCC risk exceeding 1.5% per year and hepatitis B patients with expected risk \>0.2% per year.[@b17] The APASL, on the other hand, recommends the combined use of US and AFP every 6 months.[@b15] The Japan Society of Hepatology (JSH) recommends the use of US every 6 months in combination with measurements of all three serum markers: AFP, high-sensitivity AFP-L3, and DCP. In extremely high risk groups, the recommended surveillance frequency is every 3--4 months with optional addition of CT/MRI every 6--12 months.[@b26] Some centers alternate US and magnetic resonance imaging (MRI), but this practice is not supported by current guidelines.

Diagnosis {#s2d}
---------

The cornerstone for the diagnosis of HCC is typical radiological findings on contrast-enhanced computed tomography (CT) or MRI. Western guidelines stratify their diagnostic algorithm according to nodule size. In the AASLD guidelines, in a patient with cirrhosis or chronic hepatitis B, a nodule \>1 cm warrants 4-phase multidetector CT (MDCT) or dynamic MRI.[@b17] Subsequently, intense arterial enhancement followed by portovenous or delayed-phase washout is sufficient to make the diagnosis of HCC. The sensitivity of imaging is dependent on the size of the nodule. Typical imaging features in a nodule of 1--2 cm have a sensitivity of 71% and a specificity and positive predictive value of nearly 100%. This sensitivity is reduced to 33--45% for nodules \<1 cm.[@b15] On the other hand, Asian guidelines stratify their algorithm according to the presence of hypervascularity in the arterial phase on dynamic CT or MRI in a nodule detected by US.[@b15] The subsequent presence of washout in the portal or venous phase is sufficient to diagnose HCC. Absence of washout, however, does not exclude HCC. MRI and CT scan features of HCC[@b27] are summarized in [Table 1](#t01){ref-type="table"} and [Table 2](#t02){ref-type="table"}, respectively.

###### List of systemic targeted therapies for advanced HCC as first and second line treatments

                Trial            Design                                         Overall survival (months)
  ------------- ---------------- ---------------------------------------------- ---------------------------
  First line    SHARP[@b51]      Sorafenib vs placebo                           10.7 vs 7.9, *p*\<0.001
                Asia-pacific     Sorafenib vs placebo                           6.5 vs 4.2, *p*=0.014
                SUN 1170         Sunitinib vs sorafenib                         7.9 vs 10.2, *p*=0.0029
                BRISK-FL         Brivanib vs sorafenib                          9.5 vs 9.9, *p*=NS
                01009593[@b54]   Linifanib vs sorafenib                         9.1 vs 9.8, *p*=NS
                SEARCH[@b53]     Erlotinib + sorafenib vs placebo + sorafenib   9.5 vs 8.5, *p*=NS
                E7080            Lenvatinib vs sorafenib                        Phase III ongoing
  Second line   BRISK-PS         Brivanib vs placebo                            9.4 vs 8.2, *p*=NS
                EVOLVE-1[@b55]   Everolimus vs placebo                          7.6 vs 7.3, *p*=NS
                REACH            Ramucriumab vs placebo                         9.2 vs 7.6, *p*=NS
                RESOURCE         Regorafenib vs placebo                         Phase III ongoing
                METIV-HCC        Tivantinib vs placebo                          Phase III ongoing
                CELESTIAL        Cabozantinib vs placebo                        Phase III ongoing

NS, not significant. Adapted from Kalyan *et al*,[@b39] Qi *et al*,[@b56] and Chuma *et al*.[@b49]

###### Summary of typical MRI findings in hepatobiliary tumors

               Arterial phase                              Portal/venous or delayed phase                         T1-weighted MRI                                             T2-weighted MRI
  ------------ ------------------------------------------- ------------------------------------------------------ ----------------------------------------------------------- ----------------------------------------------------
  HCC          Early enhancement                           Portovenous: washout. Delayed: rim-enhancing capsule   Variable/hypointense                                        Hyperintense
  FLC          Early heterogeneous enhancement             Homogeneous enhancement                                Hypointense. Central scar: hypointensity                    Hyperintense. Central scar: hypointensity
  CCA          Early peripheral enhancement                Delayed central enhancement                            Hypo or Isoattenuating                                      Variable hyperintensity
  FNH          Hypervascular                               Isoattenuating                                         Iso- to slightly hypointense. Central scar: hypointensity   Iso- to hyperintense. Central scar: hyperintensity
  HCA          Rapid enhancement                           Isoattenuating but occasional washout                  Variable to hyperintense                                    Slightly hyperintense and heterogeneous
  Metastases   Hypervascular, multiple and heterogeneous   Less likely to be isoattenuating                       Variable hypointensity                                      Hyperintense

CCA, cholangiocarcinoma; FLC, fibrolamellar hepatocellular carcinoma; FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.

Recently, new imaging modalities have been developed and are already in use as an integral part of the Japanese guidelines.[@b26] Contrast-enhanced US (CEUS) utilizing second generation contrast agents, such as Sonazoid, has two phases: the vascular phase and Kupffer phase.[@b28] Newer MRI contrast agents include the nongadolinium-based superparamagnetic iron oxide (SPIO) and gadolinium-based hepatobiliary agents, such as gadoxetic acid (Eovist), which has a delayed hepatobiliary uptake phase.[@b29] When a nodule detected by CT or MRI shows typical arterial enhancement but fails to show washout in the portovenous phase or when an originally hypovascular nodule is detected, the utilization of SPIO-MRI or CEUS can be helpful. In these cases, lack of uptake in the Kupffer phase would be suggestive of HCC.[@b15],[@b29] Similarly, given the lack of proper biliary tracts in HCC, there would be little uptake of the hepatobiliary contrast Eovist.[@b27] The appearance of HCC on MRI is shown in [Fig. 2](#f02){ref-type="fig"}.

![Radiologic images of hepatocellular carcinoma (HCC).\
MRI images of HCC showing A, arterial enhancement; B, washout on portal venous phase with delayed capsular enhancement; C, Precontrast MRI showing hypointense lesion in another patient with HCC; D, MRI with 20 min delayed phase Eovist showing diffuse hypointense biopsy-proven HCC.](JCTH-3-169-g002){#f02}

The role of fine-needle aspiration (FNA) biopsy for the diagnosis of HCC is controversial but is a part of the AASLD guideline when a lesion suspicious for HCC does not show typical imaging features on multiphasic CT or MRI. The vastly heterogeneous histological features of HCC and controversies regarding the role of FNA have been extensively reviewed previously.[@b30] Typical HCC histology is shown in [Fig. 3A](#f03){ref-type="fig"}.

![Histopathology of malignant intrahepatic lesions.\
A, Hepatocellular carcinoma with moderate to marked cytologic atypia. The tumor is highly cellular, without intervening stroma \[H&E, ×100\]; B, Intrahepatic cholangiocarcinoma showing poorly formed neoplastic glands embedded within sclerotic stroma \[H&E, × 200\]; C, Fibrolamellar type hepatocellular carcinoma showing abundant eosinophilic granular cytoplasm and prominent nucleoli within an area of dense sclerotic stroma \[H&E, ×100\]; D, Epitheliod hemangioendothelioma demonstrating hyalinized stroma harboring entrapped blister cells with cytoplasmic lumen. Although the cells appear epithelioid, it is of endothelial origin \[H&E, ×200\].](JCTH-3-169-g003){#f03}

Regenerative and dysplastic nodules {#s2e}
-----------------------------------

Regenerative nodules show a vascular profile similar to normal liver parenchyma, whereas premalignant dysplastic nodules have a more variable vascular profile. Dysplastic nodules exhibit an opposite MRI pattern than HCC. They are hypointense on T2-weighted images and hyperintense on T1-weighted images. They also lack a capsule, while 90% of HCC \>5 cm in Asian countries have a capsule.[@b29]

Staging {#s2f}
-------

Multiple staging systems exist for HCC. Staging systems include the TNM staging system, Barcelona Clinic Liver Cancer staging system (BCLC),[@b31] the Cancer of the Liver Italian Program (CLIP), the Okuda staging system, Japan Integrated Staging, and Chinese University Prognostic Index (CUPI).[@b32],[@b33] Treatment guidelines are now most commonly based on BCLC staging system. The BCLC identifies patients with early stage HCC who are potentially curable, intermediate and advanced stage patients to whom life-prolonging treatment can be offered, and end stage patients in whom treatment might cause more harm than benefit. The staging system is outlined in [Fig. 2](#f02){ref-type="fig"}.

Treatment {#s2g}
---------

Treatment of HCC is based on the BCLC staging system. Potentially curative treatments, such as surgical resection or orthotopic liver transplantation (OLT), can be offered to patients in very early stages; and liver resection is the treatment of choice for those patients without underlying cirrhosis. Transplantation is very effective as it also addresses the underlying liver disease. Noncurative treatments include image-guided tumor radiofrequency ablation (RFA), transcatheter chemoembolization (TACE), and sorafenib (an oral tyrosine kinase inhibitor). Importantly, RFA may be curative in well-selected candidates.[@b16] Current 5 year survival rate is 75% with curative treatments.[@b34]

Resection is the first-line treatment for patients with early-stage HCC and Child-Pugh class A. In Asia, indocyanine green retention rate at 15 min (ICG 15) is used to determine liver function. The presence of portal hypertension is a crucial prognostic indicator,[@b35] and preoperative portal vein embolization (PVE) is often used to induce hypertrophy of the future liver remnant (FLR). PVE is indicated in patients with good hepatic reserve, measured as ICG 15 of \<20%. The desired FLR volume is 20--25% typically and 40% in cirrhotic patients.[@b36] Recurrence after resection, however, remains a problem and is attributed to *de novo* HCC if it occurs after 2 years and to true recurrence within 2 years.[@b37] Interestingly, after resection, HBV patients show better survival and less recurrence compared to patients with HCV.[@b38] The Sorafenib as Adjuvant Treatment in the Prevention of Recurrence of Hepatocellular Carcinoma (STORM) trial demonstrated no improvement in recurrence-free survival with sorafenib, and currently, no adjuvant therapy has been shown to prevent recurrence.[@b39] Repeat resection, OLT, or TACE can be offered for recurrent HCC.[@b34]

Transplantation is the ideal treatment choice for cirrhotic patients with early stage HCC, since it also allows treatment of the underlying condition. Five year survival after transplantation has dramatically improved and is equal to survival after resection, although there are no head-to-head trials comparing the two treatment options. The "Milan Criteria" was a landmark publication that defined a suitable transplant candidate - one with a solitary tumor ≤5 cm or 2--3 nodules each ≤3 cm.[@b40] Recently the UCSF criteria (single nodule \<6.5 cm or ≤3 nodules, the largest of which is ≤4.5 cm with a cumulative diameter ≤8 cm) have demonstrated similar but less consistent results.[@b41] Locoregional therapies, such as TACE and RFA, can be offered as a bridge to transplantation for "downstaging" and as a treatment of recurrence postOLT.[@b34],[@b37] On the other hand, perioperative use of sorafenib led to potentially worse outcomes in one recent meta-analysis.[@b42]

Thermal ablation (RFA or microwave) or ethanol-based chemical ablation is the treatment of choice for patients with a single small tumor who are otherwise not surgical candidates. Percutaneous ethanol injection (PEI) was more commonly performed for tumors \<2 cm, but the superiority of RFA was established over PEI except in very small lesions.[@b34] In contrast with the larger STORM trial, two recent studies showed that sorafenib combined with RFA significantly decreased recurrence rates and prolonged the survival time in HCC patients.[@b43],[@b44] Other ablative technologies, such as cryoablation and laser ablation, are still under investigation.[@b16] Chemoembolization, or TACE, is the treatment of choice for patients with BCLC stage B HCC. Postembolization syndrome (fever, abdominal pain, ileus) is a well-known complication, and a total bilirubin greater than 3 mg/mL is a relative contraindication to TACE.[@b34] Radioembolization via microspheres impregnated with yttrium-90 (Y90) has also been shown to be a promising and safe noncurative treatment for unresectable HCC.[@b45]

Multiple studies have looked at the combination of locoregional therapy, such as TACE with chemotherapeutic or targeted therapies. The SOCRATES trial[@b46] initially showed promising effects of combination TACE + sorafenib for the treatment of unresectable HCC. More recent trials, such as the SPACE study, have shown that the administration of sorafenib with TACE + drug-eluting beads (DEB-TACE) has better time to progression (TTP) than DEB-TACE alone.[@b47] On the other hand, combined TACE with brivanibl[@b48] or orantinib (ORIENTAL trial)[@b49] did not meet their primary end-points.

Systemic therapy with sorafenib is the first and only approved systemic treatment for patients with advanced HCC and Child's A cirrhosis.[@b50],[@b51] It prolonged survival from 7.9 to 10.7 months.[@b51] The efficacy of sorafenib in Child's B cirrhosis has not yet been determined but appeared to be safe and well tolerated according to recent analysis of the GIDEON trial.[@b52] A few trials have been undertaken to study new molecules either as first line treatments[@b53],[@b54] or as second-line agents, such as everolimus[@b55] and have all thus far been negative. Some of those trials are summarized with their results in [Table 1](#t01){ref-type="table"}.[@b39],[@b49],[@b56] Please refer to the references cited for a more thorough discussion of this highly active area of research, which is beyond the scope of this article.

Fibrolamellar HCC {#s3}
=================

Fibrolamellar HCC (FLC) is a rare liver tumor that primarily affects younger individuals without underlying liver disease. The average age at presentation is 25. Unlike HCC, there is no male predominance. In the United States, the age-adjusted incidence rate is estimated at 0.02 per 100,000. No risk factors are yet known for FLC, but it has been reported in patients with ulcerative colitis, primary sclerosing cholangitis, and in pregnant patients.[@b57]--[@b59]

FLC presents as a large vascular tumor with prominent fibrosis ([Fig. 3C](#f03){ref-type="fig"}). It can have central scarring with calcifications. Ultrasonographic features are nonspecific. While calcifications and a central scar are typically seen, central scarring is not pathognomonic for FLC. On CT scan, FLC appears well-defined and hypoattenuating on the unenhanced phase. It displays marked enhancement after intravenous (IV) contrast administration, with marked variability in attenuation on the portal venous and delayed phases. Contrast enhancement of the central scar is also variable.[@b60] MRI features of FLC[@b60] are summarized in [Table 2](#t02){ref-type="table"}.

FLC typically does not present with elevated AFP levels, but patients can have slightly elevated aspartate and alanine aminotransferases (AST and ALT), high serum vitamin B12 binding capacity, and elevated neurotensin. However, the role of these molecules in the screening or diagnosis of FLC remains unestablished.[@b57] A DNAJB1-PRKACA fusion transcript has recently been found to be 92% sensitive and 100% specific for the diagnosis of FLC.[@b61]

Evidence on treatment and prognosis of FLC is limited. Recently, Mavros *et al*. showed that 5 year survival for patients undergoing any treatment for FLC was 44%, which is significantly better than typical 5 year survival figures of HCC.[@b57] Chemotherapy has been used with limited success and includes fluorouracil with interferon-α and gemcitabine with oxaliplatin.[@b62] Sorafenib has not been studied for the treatment of FLC.

EHE {#s4}
===

Hepatic EHE (HEH) is a rare neoplasm originating from the vascular endothelium of the liver, with its typical appearance shown in [Fig. 3D](#f03){ref-type="fig"}. It has a 3:2 adult female predominance and has intermediate malignant potential.[@b63],[@b64] In a review of 402 HEH cases, usual MRI findings were a hypointense peripheral lesion with capsular retraction on T1-weighted images and with variable high intensity on T2-weighted images with a peripheral dark rim. It has variable enhancement on contrast MRI.[@b65]

Liver resection and transplantation provide the best outcome, with 5 year survival of 75% and 54%, respectively. There is no consensus on optimal nonsurgical treatment for HEH. Evidence is limited, but some of the chemotherapeutic agents used with varying response include interferon alfa-2a, bevacizumab, ranibizumab, pegaptanib, sunitinib, sorafenib, and thalidomide.[@b65]--[@b67]

Benign liver tumors {#s5}
===================

Benign liver tumors are common and can be divided into cystic and solid lesions. Cystic lesions are the most common and are easier to identify on imaging. Solid liver masses, however, represent a diagnostic challenge when discovered incidentally or during surveillance or staging for another primary malignancy. The three common benign solid hepatic tumors are hepatocellular adenoma (HCA), focal nodular hyperplasia (FNH), and hepatic hemangioma.

Hepatic hemangiomas are the most common noncystic benign liver tumor with an incidence of up to 20%.[@b68] It is comprised of blood-filled vascular channels lined by a simple endothelial layer. The diagnosis of a hemangioma is usually clearly established by US. Three classical histologic subtypes have been identified: cavernous hemangioma, capillary hemangioma, and sclerosing hemangioma. Cavernous hemangiomas are the most common. The typical imaging characteristics of hemangiomas are provided in [Table 4](#t04){ref-type="table"} [@b68],[@b69] and shown in [Fig. 4](#f04){ref-type="fig"}.

![Hepatic hemangioma.\
A, Medium magnification showing vascular channels lined by bland and attenuated endothelial cells \[H&E, ×100\]; B, T2-weighted MRI image showing hyperintense lesion in the left lobe; C, MRI arterial phase showing hypointense well-circumscribed lesion with minimal peripheral arterial enhancement; D, MRI portal venous phase showing avidly enhancing well circumscribed lobulated lesion, which has "filled in" on more delayed phase imaging.](JCTH-3-169-g004){#f04}

###### Summary of typical CT scan findings in hepatobiliary tumors

               Unenhanced                                             Arterial phase                                                               Portal/venous or delayed phase
  ------------ ------------------------------------------------------ ---------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------
  HCC          Variable to hypoattenuating                            Early enhancement                                                            Washout
  FLC          Generally hypoattenuating with possible central scar   Hyperattenuating. Central scar hypoattenuating                               Hypoattenuating. Central scar: hypoattenuating on portovenous but hyperattenuating on delayed phase
  CCA          Hypo or isoattenuating                                 Rapid peripheral enhancement                                                 Central enhancement and peripheral iso/hypoattenuation
  FNH          Hypo or isodense                                       Early homogenous enhancement with hypodense central scar and pseudocapsule   Isoattenuating in portal/venous and delayed phases. Central scar: can enhance in delayed phase
  HCA          Variable, usually isodense                             Rapid enhancement                                                            Homogenous and isoattenuating
  Metastases   Hypoattenuating                                        Hypoattenuating with peripheral enhancement                                  

CCA, cholangiocarcinoma; FLC, fibrolamellar hepatocellular carcinoma; FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.

Management of hemangiomas consists typically of observation. Treatment of giant hemangiomas - larger than 4--5 cm - is indicated if they cause abdominal symptoms, complications, or when the diagnosis is uncertain.[@b70],[@b71] Hemangiomas rarely rupture but are associated with high mortality in 36--39% of affected patients. Another uncommon complication is disseminated intravascular coagulation (Kasabach-Merritt syndrome).[@b70] Management is usually surgical with enucleation. A recent case series of 20 patients showed that transcatheter arterial embolization was safe and effective in reducing the size and relieving the symptoms over a 6 month follow-up period.[@b72]

FNH is the second most common benign solid liver tumor present in approximately 0.3--3% of the general population. It has a clear female predominance of 10:1 and is typically diagnosed between 20--50 years of age. There is no clear evidence linking oral contraceptive (OC) use with FNH.[@b73] The tumors are well-differentiated and unencapsulated, consisting of hepatocellular nodules and stromal tissue ([Fig. 5](#f05){ref-type="fig"}). It usually is detected incidentally. On US, FNH usually appears hypoechoic with a hyperechoic central scar. Doppler can demonstrate a central artery with a star pattern. IV contrast can improve ultrasonographic yield and show arterial enhancement with portovenous isoechnogenicity.[@b74]--[@b76] Nevertheless, CT scan with IV contrast should be performed and would likely show homogeneous enhancement in the arterial phase with a hypodense central scar.[@b77] CT findings are summarized in [Table 3](#t03){ref-type="table"}.

![Pathology and radiology of focal nodular hyperplasia (FNH).\
A, Scanning view of FNH demonstrating central stellate shape scar (black arrow) \[H&E, ×6.6\]; B, FNH showing broad bands of fibrous septa with dystrophic vessels. There is florid bile ductular proliferation along the fibrous septa \[H&E, ×100\]; MRI of FNH showing C, hypointense lesion on precontrast image; D, rapid arterial enhancement; E, rapid washout to near background on portal venous; F, equilibrium phase with delayed enhancement of central scar.](JCTH-3-169-g005){#f05}

###### Typical imaging appearance of hepatic hemangiomas

               Tumor size   Ultrasound                      Unenhanced CT              T2-weighted MRI
  ------------ ------------ ------------------------------- -------------------------- ------------------------------------------------------------------------------
  Cavernous    \<3 cm       Homogenous and hyperechoic      Similar to blood vessels   Hyperintense (similar to CSF)
  Capillary    \<1 cm       Homogenous and hypoechoic       Hypodense                  Hyperintense
  Sclerosing   ∼3.7 cm      Heterogeneous and hyperechoic   Hypoattenuation            Heterogeneous with peripheral hyperintensity and a zone of central sclerosis

CSF, cerebrospinal fluid; CT, computed tomography; MRI, magnetic resonance imaging.

MRI is particularly useful in the diagnosis of FNH. With gadolinium, the pattern is similar to that found on CT, with rapid arterial enhancement and isointensity during the portal venous and equilibrium images. If a central scar is present, it would appear hyperintense on T2-weighted images and hypointense on T1-weighted images.[@b78] These are summarized and compared to other tumors in [Table 2](#t02){ref-type="table"}. The other main differential diagnosis is HCC (discussed earlier), metastases to the liver, and hepatocellular adenomas. To help further differentiate FNH from HCA, MRI with hepatospecific contrast agents, such as gadoxetate (Primovist in Europe, Eovist in the United States), can be utilized. The concept relies on the histological difference between FNH and HCA. While FNH has a structure similar to normal liver parenchyma, including bile ducts, adenomas, and malignant lesions that lack a biliary system. Eovist is taken up by hepatocytes and excreted with bile. Thus, iso- or hyperintensity on the hepatobiliary phase is 84% sensitive and 99% specific to FNH.[@b73],[@b79]

The vast majority of patients with FNH can be managed conservatively. Elective surgery is indicated if the lesions are symptomatic, malignancy cannot be ruled out, or tumor growth is \>3--5 cm/year.[@b73]

HCAs are usually solitary and unencapsulated tumors with central necrosis or hemorrhage, varying in size from \<1 cm to more than 20 cm ([Fig. 6A](#f06){ref-type="fig"}). They are mostly located in the right liver lobe ([Fig. 6B-6D](#f06){ref-type="fig"}). The incidence of HCA increased in women after the marketing of OC, and the risk of developing HCA was shown to be 25 times higher in women treated with OC than not. Some evidence indicates that the tumor can regress after discontinuation of OC. Pregnancy, use of anabolic steroids, and obesity are also risk factors for the development of HCA.[@b73] HCAs are classified into four different molecular subtypes. Inflammatory HCA is the most common variant. Immunohistochemistry may be helpful in subtyping the adenomas, although the immunohistochemical staining pattern is variable, making the utility in biopsies controversial.[@b80] MRI and CT findings in HCA are summarized in [Table 2](#t02){ref-type="table"} and [3](#t03){ref-type="table"}, respectively.[@b73]

![Pathology and radiology of hepatocellular adenoma (HCA).\
A, HCA showing scattered arteries unaccompanied by portal veins or bile ducts (unpaired arteries) \[H&E, ×100\]; MRI images showing B, arterial enhancement; C, some washout on portal venous phase; D, hypointensity to liver on hepatobiliary phase.](JCTH-3-169-g006){#f06}

There are no established surveillance programs for patients with HCA. US and periodic measurement of AFP can be considered. Indications for liver resection include tumor size \>5 cm, HCA with activating mutations of the β-catenin gene, male gender, or patients who are unable to discontinue estrogen therapy. It is recommended that women with tumor size \>5 cm undergo resection prior to a planned pregnancy.[@b73]

Liver metastases {#s6}
================

Hepatic metastases are up to 40 times more common than primary liver tumors. The most common sites of primary malignancies that metastasize to the liver are gastrointestinal tract cancers (colorectal cancer, pancreatic cancer, gastric cancer, esophageal cancer, etc.), breast cancer, lung cancer, genitourinary cancers, and melanoma ([Fig. 7](#f07){ref-type="fig"}). The CT appearance of liver metastases is summarized in [Table 3](#t03){ref-type="table"}. Typically on US, metastatic lesions appear rounded, well-defined, and with a positive mass effect and distortion of adjacent vessels.[@b81] MRI characteristics are more variable, but the lesions are frequently hypointense on T1-weighted images, hyperintense on T2-weighted images, and do not retain Eovist on the hepatobiliary phase.[@b82],[@b83]

![Metastatic melanoma.\
A, Pathology slide showing frequent pigments admixed within the tumor and prominent cherry-red nucleoli \[H&E, ×200\]; B, T1-weighted MRI showing multiple hyperintense lesions consistent with melanin or hemorrhage.](JCTH-3-169-g007){#f07}

Biliary tract malignancies {#s7}
==========================

Malignancies of the biliary tract are the second most common hepatobiliary cancer after HCC. In order of decreasing incidence, they comprise gallbladder carcinoma, CCA, and carcinoma of the ampulla of Vater.

CCA {#s7a}
---

CCAs are malignant tumors that arise from the ductal epithelium of the biliary tree. It is a relatively uncommon tumor with incidence rates ranging from 0.8 to 2 per 100,000 in the Western world, thus making up less than 3% of all gastrointestinal cancers.[@b84],[@b85] Its peak incidence rate is in the seventh decade, with a slight male predilection.[@b86] Risk factors for CCA follow a distinct geographic pattern. For example, primary sclerosing cholangitis is the most common predisposing factor in the West, while liver flukes (*Opisthorchis viverrini* and *Clonorchis sinensis*) and hepatolithiasis are significantly more common in the East.[@b85] Other risk factors include bile duct cysts, viral hepatitis, and exposure to thorotrast.[@b86] [Fig. 3B](#f03){ref-type="fig"} shows typical histological appearance of CCA, which is adenocarcinoma originating from biliary epithelium.[@b87] CCAs are subdivided into three groups based on their anatomic location: intrahepatic, perihilar, and distal.[@b88] Such distinction is made as it dictates the appropriate surgical treatment.[@b89] Perihilar CCA comprises almost 50% of all CCAs, followed by distal CCA (40%), and intrahepatic CCA (10%).[@b90] The diagnosis is usually made in the advanced stage of the disease due to its slow growth and lack of specific symptomatology. This translates into a dismal prognosis, with 5 year survival rates less than 5%.[@b91]

### Intrahepatic CCA {#s7a1}

Intrahepatic CCAs are the second most common intrahepatic primary malignancies after HCC. These include all malignant tumors that arise from biliary epithelium distal to second order bile ducts.[@b92] Morphologically, they usually appear as an exophytic intrahepatic mass, although they can also be infiltrating and spreading along the bile ducts.[@b92] Intrahepatic CCA usually present with nonspecific symptoms, including abdominal pain, weight loss, and night sweats.

Intrahepatic CCA has variable homogeneity and echogenicity on sonography.[@b93] US is not adequate to differentiate it from HCC, even if contrast is used, as intrahepatic CCA may also show washout.[@b94] On MRI, intrahepatic CCA is typically hypo- to isointense on T1-weighted images and variably hyperintense on T2-weighted images. With gadolinium, CCA shows enhancement at the periphery early on, followed by progressive, prolonged, and delayed central enhancement ([Table 2](#t02){ref-type="table"}).[@b92] [Fig. 8](#f08){ref-type="fig"} shows typical MRI appearance of CCA and biliary cystadenoma. Typical CT findings are summarized in [Table 3](#t03){ref-type="table"}. Positron emission tomography (PET) scan is usually not used as a sole imaging modality due to its inability to differentiate benign from malignant lesions. However, it is used as a complement to CT or MRI to detect occult distant metastasis.[@b95] Laboratory testing can be used as an adjunct to imaging to establish the diagnosis. Unlike HCC, AFP is usually normal or slightly elevated in intrahepatic CCA. CA 19--9 is increased, being more specific in the subset of patients with PSC.[@b92] In fact, CA 19--9 levels above 129 U/mL is more than 98% specific for CCA in the setting of PSC.[@b92]

![Radiologic imaging of biliary cystadenoma (A, B), and cholangiocarcinoma (C, D).\
CT scan showing (A) a heterogenous, complex cystic mass with evidence for (B) biliary dilatation in left hepatic lobe representing biliary cystadenoma. Cholangiocarcinoma appearing as (C) a hypointense mass on T1-weighted MRI and as (D) a hyperintense ill-defined mass on T2-weighted MRI.](JCTH-3-169-g008){#f08}

Intrahepatic CCA has a high rate of recurrence, approaching 70% in a 5 year period. Surgical resection is performed if the tumor is deemed resectable, and there is no evidence of distant metastasis. Systemic chemotherapy, consisting of gemcitabine and cisplatin, is the standard of treatment for inoperable or metastatic intrahepatic CCA.[@b96] Enrollment in an ongoing clinical trial is always a favored option, if available. Palliative treatment options with radiofrequency ablation, chemoembolization, and radioembolization have also been used for locoregional control.[@b92]

### Perihilar CCA {#s7a2}

Perihilar CCAs include all malignant tumors that arise from biliary epithelium anywhere between the second order bile ducts down to the common bile duct at the cystic duct origin. Macroscopically, they are usually periductal infiltrating/sclerosing type, unlike intrahepatic CCA that present as mass-like type. The tumor grows along the bile duct and forms concentric layers that eventually lead to a stricture with complete obliteration of the duct. Hence, the most common presenting symptom is jaundice, occurring in more than 90% of patients. Other nonspecific symptoms include nausea, weight loss, and abdominal discomfort.

Imaging is critical in staging of the tumor as well as ruling out other diagnoses, such as choledocholithiasis and external compression of the duct by lymph node. Ultrasonography is regularly performed as an initial test in patients with jaundice. It is useful to rule out benign causes of biliary strictures, but it is not the best modality to rule in/out extrahepatic CCA as the sensitivity and specificity range in the high 80%s.[@b92] Conventional CT scan has a specificity reaching 92%, with high accuracy in detecting vascular involvement and assessing resectability.[@b97],[@b98] However, CT scan tends to underestimate the extent of proximal tumors and have a low sensitivity for detection of regional lymphadenopathy.[@b99] CT cholangiography is superior to conventional CT as well as US in diagnosing perihilar CCA. Nevertheless, MRCP remains the imaging modality of choice for evaluating extrahepatic CCAs, as it allows for accurate biliary tree mapping.[@b92] ERCP and percutaneous transhepatic cholangiography have an added advantage of obtaining tissue biopsy. Brush cytology of biliary strictures can be obtained. Fluorescence in situ hybridization (FISH) polysomy is highly specific, but not very sensitive, in the diagnosis of CCA in patients PSC.[@b100] Triple modality testing utilizing brush cytology, forcep biopsy, and FISH showed an improved pooled sensitivity of 82%.[@b101]

Endoscopic US-guided FNA is useful in assessing the extent of periductal disease and lymphadenopathy. It has a greater sensitivity in detecting distal tumors compared to ERCP. However, its role in evaluating proximal bile duct tumors is uncertain.[@b92] Single-operator cholangioscopy (SpyGlass; Direct Visualization System; Boston Scientific, Natick, MA, USA) has shown good results in distinguishing malignant from benign indeterminate biliary strictures, with 100% positive predictive value and 96% negative predictive value.[@b102] Sensitivity is cited to be between 88--100%.[@b103],[@b104]

Accurate evaluation of the extent of tumor is needed to determine resectability. Surgery is the standard treatment modality for localized, resectable tumor. The 5 year survival postresection is between 25--40%.[@b105] Chemotherapy and radiotherapy have not shown any benefit in perihilar CCA, and enrollment in clinical trials is recommended. Biliary drainage is often performed for symptomatic relief in unresectable or metastatic tumors.[@b106]

### Distal CCA {#s7a3}

Perihilar CCAs include all malignant tumors that arise from biliary epithelium anywhere in the common bile duct between (and not including) the cystic duct origin and the ampulla of Vater. Patients usually present with painless jaundice and cholangitis. Diagnosis by imaging modalities is similar to that of perhilar CCA. Treatment considerations are also the same as perihilar CCA, except that the surgery involves a pancreaticoduodenectomy due to the proximity of the tumor to these structures. The 5 year overall survival postresection is 27%.[@b90]

Gallbladder carcinoma {#s7b}
---------------------

Gallbladder carcinoma is the most common malignancy of the biliary tract, and it is the fifth most common gastrointestinal malignancy.[@b107] It includes carcinoma arising from the gallbladder and its cystic duct. Histologically, gallbladder carcinoma usually develops from gastric metaplasia and dysplasia, where 90% of these cases are initially identified as adenocarcinoma.[@b108] As in CCAs, nonspecific late symptomatology and anatomic proximity to other organs leads to late diagnosis and poor prognosis. Survival rates are similar to CAAs, with 5% of patients surviving at 5 years.[@b109] There seems to be a geographic variation in incidence of gallbladder cancer that correlates with the prevalence of its risk factors. Cholelithiasis and chronic Salmonella infections, both being strong predisposing factors to gallbladder cancer, have a high prevalence in South America and Asian countries, which translates into a high incidence of gallbladder carcinoma.[@b110] Other known risk factors include porcelain gallbladder, gallbladder polyps, chronic cholecystitis, primary sclerosing cholangitis, congenital biliary cysts, and abnormal pancreatobiliary duct junction, all of which cause chronic inflammation.[@b111]

Gallbladder cancer clinically presents with symptoms similar to benign diseases of the gallbladder, such as right upper quadrant pain, jaundice, nausea, and vomiting.[@b107] Hence, gallbladder tumors are diagnosed late, sometimes incidentally after cholecystectomy for presumed cholecystitis. Only 10% of tumors are resectable at the time of diagnosis.[@b112] Many modalities can be employed to diagnose and stage gallbladder cancer. Ultrasonography is usually the first test done to evaluate the gallbladder in a patient presenting with right upper quadrant pain. Although it can detect large tumors, early lesions are often missed. Endoscopic US has the advantage of being more sensitive in detecting gallbladder tumors and allows for sampling of bile for cytologic analysis and staging of the tumor.[@b92] Gallbladder carcinoma is usually hypodense on nonenhanced CT, and wall-thickening is typically asymmetric as opposed to cholecystitis, where the wall thickening tends to be symmetric. CT with contrast shows enhancement that persists in the venous and delayed phases, while HCC typically shows washout in these phases.[@b92] CT is often employed in the staging as well as the assessment of resectability. MR may also be useful when combined with angiography to detect vascular and biliary invasion, which could impact resectability.[@b107] PET scan is currently not part of the work-up in gallbladder cancer, but data on its use in detecting occult distant metastasis is emerging.[@b92]

Staging of the tumor is crucial in dictating the appropriate treatment modalities. Surgery is the mainstay of treatment in resectable tumors, ranging from simple cholecystectomy to cholecystectomy with extensive radical resection.[@b107] In nonresectable and metastatic disease, chemotherapy with gemcitabine and cisplatin or chemoradiation can prolong survival.[@b107] Biliary drainage is performed for symptomatic relief.[@b92]

Carcinoma of the ampulla of Vater {#s7c}
---------------------------------

Carcinoma of the ampulla of Vater, or ampullary carcinoma, is a very rare tumor with an incidence of 5 per 1 million.[@b113] Familial adenomatous polyposis is recognized as an important risk factor.[@b114] It tends to have a better prognosis than the other biliary carcinomas due to its early presentation with biliary obstruction and jaundice. Since the ampulla of Vater is at the junction of the duodenal papilla and the bifurcation of the pancreaticobiliary ducts, primary ampullary carcinomas can be classified into intestinal type and pancreaticobiliary type. The former type is more common and has a better prognosis.

Imaging is important in distinguishing ampullary carcinoma from other biliary carcinomas and pancreatic cancer. EUS is the most specific imaging used for local staging of the tumor, as it accurately depicts depth of tumor invasion and invasion of nearby structures.[@b92] ERCP is preferred in patients with jaundice secondary to malignant bile duct obstruction.[@b92] MRCP can be used to visualize the pancreaticobiliary tree in patients who cannot tolerate ERCP. CT is inferior to EUS and ERCP in detecting small ampullary tumors and in determining extent of local invasion.[@b115] It is used, however, to assess lymphadenopathy and distant metastasis.

Standard treatment is pancreaticoduodenectomy in resectable tumors, with the goal of achieving negative margins. A simple ampullectomy can be considered in small, well-differentiated, noninvasive tumors.[@b116] Systemic chemotherapy or chemoradiation can be used in the adjuvant setting as well as in advanced disease, but data on survival benefit is scarce.

Rare biliary tumors {#s8}
===================

There is a myriad of other tumors that may arise in the biliary system that are worth mentioning. Adenomas are benign neoplasms of glandular epithelium that are usually discovered incidentally. The intestinal-type adenoma has a low risk of progression to carcinoma, as opposed to the completely benign pyloric gland adenoma. Bile duct adenoma (also termed biliary hamartoma) is shown in [Fig. 9](#f09){ref-type="fig"}. Biliary papillomatosis represents a disease of multiple adenomas of the bile ducts and are usually difficult to treat surgically due to their multicentricity and high recurrence rates. Granular cell tumors are benign tumors with Schwannian differentiation that arise in the common bile duct. Unlike biliary papillomatosis, granular cell tumors are not at risk of malignant transformation and rarely recur. Rhabdomyosarcoma is a neoplasm that is most frequently described in the biliary tree of children, although it is occasionally seen in the gallbladder of elderly patients. Prognosis is usually poor, with treatment commonly involving a multimodal approach using surgery, chemotherapy, and radiation. Neuroendocrine carcinomas and carcinoid tumors rarely occur in the biliary system, and they usually behave similarly to their counterpart in other organs.[@b117] The epidemiology, diagnosis, and treatment of these rare biliary tumors are beyond the scope of this article.

![Biliary hamartomas.\
A, Hyperintense foci along the biliary tree on T2-weighted images; B, Well-defined hypointense lesions on T1-weighted image postcontrast.](JCTH-3-169-g009){#f09}

Conclusions {#s9}
===========

Hepatobiliary malignancies, most notably HCC, are common fatal cancers that continue to be on the rise and to pose a diagnostic and therapeutic challenge. No single biomarker is yet available for the diagnosis of hepatobiliary cancers, and international guidelines differ markedly in their utilization of imaging modalities for surveillance and diagnosis. Despite extensive clinical trials, sorafenib remains the only approved agent for the treatment of advanced liver cancer, with new agents constantly being tested in ongoing first line and second line clinical trials.
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